An electronic method, based on the differentiation of the potential curve during anodization at a constant current, is presented for evaluating the number of breakdown events in the scintillation of anodic oxides. This simple method facilitates the study of the breakdown phenomenon in anodic oxides as a function of the anodization current density, nature and resistivity of the electrolyte, etc. The results are briefly discussed according to a proposed model of the scintillation mechanism.
This is in part due to the lack of results on the breakdown process itself, i.e., after the first sparkvoltage has been reached.
When the scintillation potential is reached during the anodic oxidation, the voltage across the oxide levels off and starts to show small oscillations or pulses which may be attributed to small and localized breakdown phenomena. 3 ,4 Consequently, the oxide is damaged. This damage is in the form of pores and fissures, sometimes distributed into branches, which can be studied by scanning electron microscopy, In this paper we present a method which facilitates a count of the pulses produced by the breakdown events during anodization to voltages beyond the first-scintillation voltage. This simple method, which does not involve any new electronic technique, can be applied to different types of samples such as regular stock tantalum foil, pressed tantalum pellets and high capacitance etched aluminum foil.
EXPERIMENTAL METHOD
The method is based upon the differentiation of the potential curve V V(t), in the anodization at a constant current, by means of an RC circuit. This allows the separation in the V V(t) curve of the fairly small breakdown peaks from the much slower and linear variation of the potential due to an increase in the thickness of the oxide. The peaks in the dV(t)/dt curve are subsequently enlarged by an operational amplifier so that they can be conveniently processed and counted.
A block diagram of the electronic device, together with the modifications undergone by the input signal after each stage, is outlined in Figure 1 . Once the signal has gone through the differentiating RC circuit, it is subsequently amplified by a variable gain operational amplifier. The resulting signal excites a monostable oscillator giving rise to a rectangular pulse. Finally, the output of the oscillator is taken to a conventional pulse counter. Figure 2 shows a detailed diagram of the differentiating and amplifying circuits, and the monostable oscillator. Figure 3 shows a typical example of the number of pulses registered by the counter as a function of the anodizing time for different current densities. It can be appreciated that the samples oxidized under a greater current density present a larger number of breakdown pulses. From the plot of Figure 4 , it can be observed that the number of pulses per unit time, for a given anodization voltage, is also higher for the samples anodized with a greater current density.
However, it is interesting to note that the first-spark voltage is approximately the same for all the samples, being independent of the current density. These results are in substantial agreement with those found by I(adari and Klein in sputtered tantalum films. 3 Recently, we have developed a theory which qualitatively explains the above results. 6 samples anodized with higher current density experience a faster voltage rise than those anodized with a lower current density, the number of pulses should increase faster with time in those samples oxidized with a higher current density, as observed in Figure 3 . The proposed theory also predicts an exponential rise of the pulse rate with the anodization voltage, as shown in Figure 4 . It is not the object of this paper to make a detailed description of all the results that can be obtained with the pulse counter. It suffices to say that the apparatus is currently being used in our laboratory in order to determine the influence on the breakdown phenomena of different types of electrolytes, current density, temperature and resistivity of the electrolyte, etc. It is evident from the above results that the breakdown phenomenon strongly depends on the current density and that a measurement of the number of pulses during the anodization process can be very useful in elucidating the breakdown mechanisms.
